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Sect ion  I 

1.0 Introduct ion and Summary of Resul t s  

1.1 Introduct ion 

This r epo r t  summarizes t h e  work performed under Task B of NASA Contract 

NAS6-2307. The purpose of t he  work was t o  cha rac t e r i ze  t h e  r e l a t i o n s h i p  

between t h e  S-193 A u t o ~ a t i c  Gain Control (AGC) da t a  and the  magnitude of 

received s i g n a l  power, which in essence is t h e  r a t i o  of t he  "peak of the mean 

waveform" t o  t he  "mean of the  peak ( ind iv idua l )  waveform values." I n  accordance 

with e a r l i e r  S-193 program documents w e  use t he  abbreviat ion r-factor  t o  desc r ibe  

t h i s  r a t i o .  The r-factor  w i l l  b e  l e s s  than uni ty ,  and w i l l  be  a funct ion of 

off-nadir angle, ocean su r f ace  roughness, and r ece ive r  signal-to-noise ratio 

(SNR). Of these  i tems, t h e  l a r g e s t  v a r i a t i o n  of r -factor  is  expected t o  be 

due t o  change of angle off-nadir.  The e f f e c t  of ccean su r f ace  roughness should 

be  much less important and a l l  work reported here  is based on a quas i - f l a t  (but 

d i f f u s e  sca t t e r ing )  ocean. The d i g i t a l  computer s imulat ion used i n  the  present  

work includes provision f o r  a d d i t i v e  rece iver  (white) noise,  bu t  a l l  work t o  

da t e  has been f o r  t he  zero-noise, i n f i n i t e  SNR case. As descr ibed i n  s ec t ion  

3.0, we spec ia l ized  t o  the  noise-free case  because of t h e  na tu re  of c a l i b r a t i o n  

da t a  supplied by t h e  S-193 hardware contractor .  

We considered t h e  p ~ s s i b i l i t y  of conducting e i t h e r  a hybrid s imulat ion 

o r  an  entirely-analog s imulat ion a s  a way t o  es t imate  r-factor ,  b u t  t he  d i f f i -  

cu l ty  i n  e i t h e r  of t hese  approaches is approximately the  same; it is d i f f i c u l t  

t o  adequately shape the  range of input  process waveforms t o  b e  encountered. 

Largely f o r  t h i s  reason, w e  used an e n t i r e l y  d i g i t a l  s imulat ion with t b e  system 

model t o  be described i n  t he  following sec t ion .  The main body of t h i s  r epo r t  

discusses  t he  I F  and video impulse response funct ions used, d e t a i l s  of t h e  

input  (expectat ion value)  waveforms, and t h e  r e s u l t s  t o  date .  An appendix 

provides a more s p e c i f i c  d i scuss ion  of the  d i g i t a l  computer programs used. 

1.2 Summary of Resul ts  

During t h e  time i n  which t h i s  r - fac tor  a n a l y s i s  was undertaken, i t  appeared 

t h a t  the  Skylab a l t ime te r  cont rac tor  would provide a l l  c a l i b r a t i o n  da t a  using 

de terminis t ic  (non-f luc tua t ing)  c a l i b r a t i o n  waveforms and t h a t  r-f a c t o r  would 

e x p l i c i t l y  en ter  i n t o  t h e  c a l i b r a t i o n  and da t a  reduct ion prccess.  I n  t h e  

in te r im we learned t h a t  t h e  cont rac tor  was ins tead  at tempting t o  s imulate  ocean 

sca t t e r ed  s igna l s  through: (1) use of noisy t r i angu la r  waveshapes f o r  t h e  

1 1 I 1 I . .  



o n n a d i r  case, and (2) noisy rectangular approximations t o  t h e  off-nadir 

waveforms. As a consequence our e f f o r t  was redirected t o  y ie ld  a comparison 

of these waveforms with theore t i ca l ly  derived and d i g i t a l l y  simulated wave- 

shapes. Results t o  be presented indica te  t h a t  a correct ion fac to r  should be 

used with the r-factcr ca l ib ra t ion  data  ob,nined from t,hese approximate 

waveforms . 
There a r e  other  complications: Based cn presently ava i l ab le  data,  t h e  

S-193 receiver was operating between -7 and 0' C during the  SL-2 mission. A l l  

published ca l ibra t ion  data was taken at other  temperatures and the  ava i l ab le  

data indica tes  system charac te r i s t i c s  change d r a s t i c a l l y  between test tempera- 

tures ,  A comparison of ca l ib ra t ion  data  taken using determinis t ic  and random 

waveforms (which e x i s t s  only f o r  the  on-nadir case) shows r-factor t o  be  

about 0.7 a t  ' 5' C, and t o  be near unity a t  the  o ther  two extremes of tempera- 

tures.  

We therefore conclude, based on cur examination of the  recent  ca l ib ra t ion  

data,* tha t  the  e n t i r e  receiver  including the  agc loop, the  agc a t tenuator ,  

the  boxcar detector ,  aitd s o  for th ,  appears t o  be grossly nonlinear outs ide  t h e  

av;ioximate ambient temperature range and f o r  both low and high ShTR values 

(although t h i s  l a t t e r  nonlineari ty is t o  be expected t o  some degree). We had 

or ig inal ly  expected t h a t  the  va r i a t ion  of the  r-factor  with SNR would b e  an 

important e f fec t ;  now these other phenomena a r e  seen t o  provide more ser ious  

changes. For these reasons, the  p o s s i b i l i t y  of ca l ib ra t ion  da ta  in terpola t ion  

does riot appear feas ib le .  Should ca l ib ra t ion  data  c o t  be ava i l ab le  near  t h e  - 

S-193 receiver operating temperature, the  only recourse is t o  record da ta  on 

the back-up hardware, a s  an assessment of the  accuracy of in terpola ted  data ,  

The second d i f f i c u l t y  is  i n  the  shape of the  waveforms ext rac ted  from 

presently avai lable  quick-look data. I f  fur ther  experimental da ta  s tud ies  

(from SL-2, 3, and 4) show the recorded waveforms t o  ser ious ly  depart  from t h e  

theore t ica l ly  computed waveshapes discussed herein, then t.-factor should be  

re-computed f o r  these waveshapes using the d i g i t a l  programs documented i n  t h e  

Appendix. 

In summary, we recommend tha t  the  S-193 ca l ib ra t ion  data be compensated 

t o  r e f l e c t  r-factor perturbations due t o  waveshapes used i n  the  ca l ib ra t ion  

;. 

P 
E *I%-193 Microwave Radiometer/Scat terometer Altimeter, I' Cal ibrat ion Data Report, 

Vol. I B ,  Revision D, Contract NAS9-11195, GE, 22 March 1973. r - 



- .  process. We spec i f i ca l ly  recommend t h a t  the correct ions shown i n  Fig. 6 of 

t h i s  report  be incorporated i n t o  S-193 data  reduction procedures, subjec t  t o  

(1) fur ther  examination of measured and computed waveshapes and r-factor 

recomputation as required, and (2) acquis i t ion  ahd study of ca l ib ra t ion  d a t a  

near the  ac tua l  operating temperature t o  b e t t e r  understand the  implied 

nonlinear receiver  behavior with temperature. 



Sect ion  11 

2.0 D i g i t a l  Simulation o f ' r - f ac to r  Rela t ionshie  

2.1 System Model 

Figure 1 (which is intended t o  be  l a r g e l y  self-explanatory) shows t h e  - 

ove ra l l  system model used t o  es t imate  r-factors  through a d i g i t a l  s imulat ion 

process. The input  s i g n a l  S ( t )  is t h e  "input waveform" as discussed i n  a 

subsequent sec t ion ;  S( t )  is  tjme varying over times r e l a t i v e l y  long compared 

t o  the  IF and video response times. For the  d i g i t a l  model, t he  convolutions 

become f i n i t e  sums of products with t h e  number of terms i n  the  sums chosen 

on the  b a s i s  of t h e  quantized t i m e  increment and on t h e  r a t e  of decay of t h e  

impulse response funct ion h ( t ) ;  t h e  choice cif number of terms f o r  t h e  present  

case is discussed i n  t he  second sec t ion .  

The model shows provisiou f o r  input  of both a "signal" S ( t )  and a no i se  

N, and our computer program includes the  no i se  p o s s i b i l i t y ,  but  a l l  our  work 

t o  da t e  has  been done f o r  the case  of N = 0 (SNR = 0 ) .  

By keeping t h e  outputs  GRN3 and GRN4 both zer?, and by replacing GR% 

and GRN2 of Fig. 1 with un i t  t r a n s f e r  devices (ones f o r  which t h e  output equals  

t he  input ) ,  t h e  model w i l l  produce a "determinis t ic  output." This is important 

f o r  v e r i f i n g  t h a t  t h e  system output expectat ion va lue  has t h e  desired shape, 

There a r e  two ways of obtaining t h i s  output expectat ion va lue  of course; 

e i t h e r  by use of t he  de t e rmin i s t i c  model o r  by running the  random model f o r  

in£ i n i t e l y  long times. Clear ly t h e  f i r s t  is p re fe rab le  f o r  f i n i t e  computation 

budgets. The necessary modif icat ion t o  produce the  de t e rmin i s t i c  model merely 

ir.volves replacement of the  Gaussian random number subrout ine GAUSS ( see  

discussion i n  t he  Appendix) by a "fake" GAUSS which r e tu rns  the  input  as 

output when ca l l ed  by the  r e s t  of t he  program. 

2.2 Impulse Response Functions h I ( t )  and hV(t) :  

The excct  I F  and video impulse response funct ions (hI and hV) depend upon 

d e t a i l s  of t he  S-193 c i r c u i t r y  which a r e  not  r e a d i l y  ava i lab le ;  however, t h e  

c e n t r a l  l id t  theorem as su res  t h a t  i f  one has a number of ind iv idua l  time 

funct ions,  f l ( t ) ,  f 2 ( t ) ,  ... , f n ( t )  which are i n  general  non-negative, 

then under f a i r l y  general  condi t ions,  t h e i r  convolution w i l l  approach a normal 

cume , 





where 

and where 4, 012 a r e  the  individual  mean and variance of f i ( t ) .  Thus f o r  a 

system comprising severa l  s tages  f i ( t )  ia cascade, a normal or Gaussian 

impulse response function becomes a progressively b e t t e r  o v e r a l l  system 

descript ion as the  number of s tages  becomes grea ter .  

This is discussed b r i e f l y  by A Papoulis,* with an example showing t h a t  

f o r  a cascade of four i d e n t i c a l  one-pole systems each having response 

1 Hi(d = - a+jw i 

the  overa l l  system response h ( t )  = h l ( t ) *  * *  *h,!+(t) 

= 1, *-• 4, 

is given approximately 

with a system function H(w) = Hl(w)x xH4(w) given approximately by 

The e-'4u1a is of course the  phase s h i f t  associated with the  h ( t )  Gaussian 

being centered a t  to = 4 / a .  

*"Systems and Transforms with Applications i n  Optics", New York; McGraw-Hill, 
1968, pp. 78-81. 



For our problem, we a r e  not  too concerned with where t h e  time o r i g i n  of 

t he  problem l i e s ,  and we  w i l l  assume an impulse response func t ion  of t h e  form 

h ( t )  = Ne -u2(t-t0)2/8, w i t h  N an aapl i tude  normalization constant  t o  be 
. .  - 

determined l a t e r .  The time s h i f t  t o  w i l l  be chosen merely f o r  convenience, 

and a w i l l  b e  determined from the  qvoted width of t h e  IF o r  video f i l t e r .  

As described i n  t h e  Appendlx d iscuss ing  the  computer program, t h e  func t iona l  

form used f o r  t he  impulse response funct ion is  the  s h i f t e d  Gaussian form, 

and we need t o  express t h i s  t i n  terns of a and t o  express a i n  terms of t h e  

3dB width of t he  video response. The t i m e  s h i f t s  o r  phase s h i f t s  are of no 

p a r t i c u l a r  importance t o  the  r - fac tor  simulation, and s o  s e t t i n g  to * 0 

t enporar i ly  , . 

It is  easy t o  show (based on tabula ted  values f o r  t h e  normal d i s t r i b u t i o n  

function) t h a t  t h i s  leads  t o  

where f c  i s  the  system bandwidth t o  he simulated. For t h e  video bandwidth 

of 5 MHz, t h i s  y i e l d s  

TV = 37.36 nanoseconds, 

where the  subscr ip t  V denotes video (as t h e  subscr ip t  I w i l l  denote IF). The 

IF bandwidth is  taken as twice the  video, s o  t h a t  . 

TI = 18.68 nanoseconds. 

The vide0 response w i l l  dominate the  system, and a s  w e  a r e  going t o  

approximate t h e  continuous video impulse response funct ion hV(t)  by a f i n i t e  

s e t  of weights hvi spaced a d i s t ance  6 t  apa r t ,  S t  f o r  t h e  video weights (and 



t h e  same 6 t  is t o  be used f o r  the  I F  hI a s  we l l  a s  t h e  i n p t  waveform) must 

be chosen ~ ' . l a l l  eno,:g'l t o  provide seve ra l  time samples wi th in  the  i n t e r v a l  

TV. For the  work reported,  we used d t  = 10 nanoseconds. 

The number of weights hI and hV can be chosen by discarding a l l  weights 

of amplitude l e s s  than 2% of t he  g r e a t c s t  wsight; the  time s h i f t s  toV and to 
I 

a r e  chosen simply f o r  convenience. Under these  various c r i t e r i a ,  t he  f o l l o w i ~  

q u a n t i t i e s  were used ( i n  addi t ion  t o  t h e  6 t ,  TI ,  and TV a l ready  given): 

= 80 nanoseconds, nv = 1 7  

t ~ I  
= 40 nanoseconds, n1 = 8. 

Figure 2 shows the  video and IF  response funct ions which r e s u l t  from t h i s  

choice of input  parameters. 

2.3 Input Waveforms 

For ':he input  waveforms employed, we r e f e r  t o  a February, 1973, Research 

Triangle I n s t i t u t e  (RTI) repor t  by Mi l le r ,  Brown, and Hayne, "Engineering 

Studies Related t o  Geodetic and Oceanographic Renote Sensing Using Short 
. . 

Pulse Techniques," Contract No. NAS6-2135; i n  p a r t i c u l a r ,  s e e  Figures  

on pages 2-46 ro 2-50 together  with the  d iscuss ion  of these f igures .  We have 

required t h a t  the  input waveforms i n  t h i s  present  work reproduce those wave- 

forms of t he  RTI February, 1973, r epo r t  (apar t  from poss ib le  amplitude and 

time-origin d i f fe rences)  when the  input  waveforms a r e  run i n  the  "deterministic" 

program. 

Waveforms shown i n  t h i s  r epo r t  (hereaf te r  r e f e r r ed  t o  simply a s  "RTI 

waveforms") include composite IF and video bandwidth e f f e c t s ;  therefore ,  

d i r e c t  use of these waveforms i n  t he  present  simulation program woud have 

t h e  e f f e c t  of including the  IF and video c h a r a c t e r i s t i c s  twice. This  i s  

s i g n i f i c a n t  only f o r  the  0' and 0.5' off-nadir waveforms, and those have been 

recalculated with IF and videc bandwidth e f f e c t s  removed. For a l l  o the r  

angles ,  t h e  waveshape e f f e c t  of t he  IF and video i s  a simple t ime-shift  with 

imperceptible changes i n  shape. Figure 3 shows the  d i f f e r e n t  input  waveforms 

of the  present  s t ~ d y ;  a l l  have been sca led  t o  the  same peak va lue  and p l o t t e d  

versusa logari thmic t h e  sca l e .  This f i g u r e  serves  pr imari ly  t o  emphasize t h e  

d i f f e r e n t  running time requirements of d i f f e r e n t  off-nadir a ~ g l e s .  

We chose t o  include the  t r a i l i n g  edge of each waveform out a s  f a r  a s  1/10 

maximum value. For 5 = 0' t h i s  is achieved by 700 nanoseconds, whereas t h e  
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Figure 2 ,  Impulse Response Weighting Functions vs .  Time 





F = 8' case requires about 20 nicroseconds tc, decay enough; thus s ince  DT . . 
is fixed by h~ considerations (with a value of 10 nanoseconds f o r  our work), 

the  { = 8 O  case w i l l  require 201.7 = 29 times the  running time of t h e  E: - 0. 

cases. 

Results were a l s o  obtained f o r  a t r iangular  waveform (100 nanosec rise - 
500 nanosec f a l l )  and f o r  rectangular waveforms of width 0.4, 1.0, 4.0, and 

14.0 microseconds; these waveforms were rssed by GI? i n  measuring r e s u l t s  f o r  

the  most recent S-193 cal ibra t ion data  report ,  ar: our r-factor r e s u l t s  f o r  

RTI.waveforms compared t o  GE tr iangular  o r  rectangular waveforms w i l l  provide 

a set of corrections to  the  data  correct ions indicated by t11e GE report.  



Section I11 

3.0 Simulation Results 

3.1 Discussion 

The previously discussed r-factor programs have been run f o r  both the  

RTI waveforms and the  GE approximation waveforms ( t r iangular  o r  rectangular) 

f o r  the  off-nadir angles 0, 0.5, 1.3, 3.0, and 8.0 degrees with a t  l e a s t  250 

simulated pulses averaged f o r  each case. 

Figure 4 shows a typica l  s ing le  pulse r e s u l t  from the  simulation f o r  1.5* 

off-nadir; the timz increment DT = 10 nanoseconds used f o r  these computations 

is exp l i c i t ly  shown i n  the  f igure.  Taking a smaller DT would increase computer 

running times, and the f igure  suggests tha t  10  nanoseconds may be a reasonably 

good choice. Figure 5 shows the  average of 50 individual  pulses f o r  the  1.5' 

case. Notice tha t  the  v e r t i c a l  sca le  is d i f f e r e n t  i n  the single-pulse and the  

50 pulse figures. The peak of the  mean re turn  occurs a t  1110 nanoseconds for 

t h i s  1.5' case. 

The r e s u l t s  of our runs a r e  presented by Table I. The t a b l e  a l s o  compares 

the  r-factors from the RTI waveforms and from the  GE approximation waveforms 

( tr iangular  o r  rectangular) t o  derive the  correct ion fac to r  t o  apply t o  GE's 

r-f ac tor  correction a s  discussed i n  the next section. 

Figure 6 shows the  same r e s u l t s  which a r e  tabulated i n  Table I. The 

e r ro r s  indicated (by 2 i n  the  t a b l e  and by bars  i n  the  f igure)  a r e  estimates 

of (plus o r  minus) one standard deviation of the  mean r-factor a s  given. Note 

tha t  the correction fac to r  shown i n  Figure 6 is not an e a s i b  describable 

o r  monotone process. This is because there is no pa r t i cu la r  re la t ionship  

between the RTI  waveforms and the rectangular approximants used by GE. For 

example, the  3dB width of the  computed waveforms nay match the  width of the  

rectangular waveform a t  one off-nadir angle and not  a t  another. 

Figure 7 r ep rod~ces  Figure 2B4, pg. 2-58 of the  RTI February, 1973, repor t  

with the  present r-factor r e s u l t s  added t o  the  f igure ;  t h i s  is t o  make e a s i e r  

the  comF -ison with the  e a r l i e r  r-factor  work. While we present our current  

r e su l t s  a s  being of an interim nature, and capable of improvement with addi t ional  

r-ning t ine,  t h i s  d i g i t a l  simulation method is f l e x i b l e  and powerful enough 

Lhat the  present r e s u l t s  should be be t t e r  than any previous computed o r  simulated 

r e s u l t s  . 
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- = Lambert (GE) 

-- = RTI analogfdigital simclation . . 

Present digital simulation: 

0 = RTI-calculated waveform 

b = GE triangular waveform 

a = GE rectangular waveform 

2. 3. 
Off-nadir angle, in degrees 

Figure 7 .  Comparison of Present and Earlier r-factor Results 
vs .  Off-nadir Angle 



Appendix 

3 e t a i l s  of Dig i t a l  Computer Simulation f o r  r-factor Estimation 

G e ~ e r a l  Discussion ' 

A program l i s t i n g  is supplied here and a punched source deck is being 

separately provided f o r  a Fortran I V  computer program which is a s t ra ight -  

forward implementation of the r-factor est imation model supplied i n  t h e  

uain body of t h i s  report .  Apart from a subroutine GAUSS, t h i s  program 

should be d i r e c t l y  t ransferable  t o  NASA, Wallops Island. We discuss GAUSS 

i n  the  following two paragraphs, and then re turn  t o  the  general discussion 

of the  program logic.  

A t  t he  hear t  of the  process is a subroutine GAUSS (IX,S,AM,V) which 

computes a normally-distributed random var iab le  V,  of mean AM and standard 

deviation S, a t  each subroutine c a l l .  The in teger  va r i ab le  I X  must contain 

an odd in teger  with nine o r  fewer d i g i t s  on the  f i r s t  c a l l  t o  GAUSS: thereaf ter ,  

each c a l l  t o  GAUSS uses the  value of I X  returned from the immediately previous 

c a l l .  The var iable  I X  is included i n  the  output from the  s i m u l a t i a  program 

so t h a t  each addi t ional  computer run can resume the  random number sequence a t  

the  point a t  which the  l a s t  previous run terminated; without the  a b i l i t y  t o  

s t a r t  each new run a t  the l a s t  used value of U, one would i n  e f f e c t  be  using 

the same sequence of random numbers over and over r a the r  than moving t o  l a t e r  

i n  the sequence ( t h i s  sequence length is a t  l e a s t  231 1 12 f o r  our computation). 

Subroutine GAUSS uses another subroutine RAM)U (IX , I Y  ,YFL) ; RAM)U provides 

a floating-point random number YFL which is uniformly d is t r ibuted  on the 

i n t e r v a l  (0 , l ) .  Every c a l l  t o  GAUSS ac tua l ly  uses RANDU twelve times, approxi- 

mating a Gaussian-distributed random var iable  by the  sum of twelve uniformly 

d i s t r ibu ted  random var iables .  Source l i s t i n g s  f o r  GAUSS and RANDU a r e  a l s o  

provided. Both GAUSS and RANDU have been taken from the  IBM S c i e n t i f i c  Sutroutine 

Package, Version 111, and fu r the r  d e t a i l s  and comments a r e  avai lable  i n  the  

publication, IBM Form H20-0205, "~ysteml360 S c i e n t i f i c  Subroutine Package 

(360A-CM-03X) Version I11 Programmer's Manual," (White Pla ins ,  New York, ZBM 

Technical Publications Department, 1968). Subroutine RANDU is machine- 

dependenr, and is  s p e c i f i c  t o  the word length of the  IBM 360 s e r i e s  computer. 

To t ransfer  the  r-factor  program t o  NASA, Wallops Island,  subroutine GAUSS w i l l  

have t o  be replaced by the  subroutine RAND(AVG,VAR,N,X) which already e x i s t s  

a t  Wallops Island. Since RAND computes an ar ray  X(N) of N normally-distributed 



Figure ~ 1 .  Logic Flow Diagram for Subroutine XSIMUL. 
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random va r i ab l e s  of mean AVG and variance VAR, whereas J u r  program calls 

only a s i n g l e  number a t  a time, i t  would probably be appropr ia te  t o  r ewr i t e  

RAND, renaming it  GAUSS and using the same argument list as the  present  

GAUSS. This new GAUSS can then use t h e  present  Wallops subrout ine RANDOM 

f o r  i ts  uniformly-distributed random numbers. . 

Returning t o  discussion of t he  o v e r a l l  program, t h e  subrout ine XSIMUL 

performs the  bulk of t he  work wi th  a p a r t  of XSIMUL being wr i t t en  sepa ra t e ly  

a s  XCNEXT. The d i g i t a l  convolution required is performed by XCNVLV; a 

separa te  en t ry  point  XCFILL a s s i s t s  i n  f i l l i n g  a r r ays  f o r  convolutions. 

The subrout ine XAFILL s e t s  up the  I F  and video impulse response weights,  and 

a l s o  c a l l s  subrout ine EPTFIL which provides t h e  input  waveforms. Subroutine 

XREAD p r w i d e s  input  da t a  f o r  each run, and t h e  output f o r  r e s u l t s  is handled 

by subroutin=s XHEAD and XOUTPT. 

A general  l o g i c  flow diagram f o r  XSIMUL i s  given by Figure A-1. The 

following paragraphs w i l l  d i scuss  add i t i ona l  d e t a i l s  of subrout ines  XAFILL 

and EPTFIL, and then t h e  genera l  form of program da ta  input  w i l l  be srmarized. 

Impulse Response'Weights Computed by XAFILL 

Subroutine XAFILL computes a s e t  of N weights h i  from the  expression 

where ti = (i-1) b t  

N 

and K = l i x h i .  

i=l 

Thus, hi a r e  derived from a Gaussian funct ion centered a t  to and having a 

width r. The normalization f a c t o r  K is chosen t o  provide an output equal  

t o  the  input  when t h e  input  is  he ld  at a constant  value f o r  a time a t  l e a s t  

as long a s  N&. The various r e l a t i onsh ips  i n  h i ( t )  a r e  shown on the  following 

Page 

Input q u a n t i t i e s  c l e a r l y  a r e  T, t ,  ,it, and N. These va r i ab l e s  i n  

XAFILL a r e  TAU, TO, DT, and N ,  r espec t ive ly .  Since XAFILL s e t s  up both 

the  IF and the  video response funct ions,  these  a r e  dis t inguished by the  

l a b e l s  I and V, and the  following correspondence l ist  r e s u l t s :  



Figure  A 2  Sketch Showing Relationship Between r, t 
0 )  and hi(t), i = l ,  2 , .  . . ,N. 



Quant i ty  XAFILL Variables  

HI( I ) ,  I=l, * * *  a M I  

TO1 . 

TAU I 

HV(I), 1=1, @ * *  , NHv 

TOV 

T A W  

The time increment DT i s  common t o  both t h e  I F  and video c h a r a c t e r i s t i c s ,  

and is suppl ied from subrout ine EPTFIL c a l l e d  by XAFILL; t h e  remaining 

q u a n t i t i e s  TOI, TOV, TAUI, TAW, NHI, and NHV a r e  ready by XAFILL a s  LIST1 

using t h e  NAMELIST procedure a v a i l a b l e  t o  some For t ran  I V  compilers. Much 

of our computation has been done using a Teletype ASR-33 a s  a time-sharing 

terminal,  and input  via t h e  NAKIELIST avoids t h e  awkwardness of formatted 

d a t a  input  from a t e l e type .  

Waveform Input From Subroutine EPTFIL - 
The purpose of EPTFIL is t o  f i l l  an a r r a y  EPT(NE) ( l abe l l ed  EXP(NE) i n  

XSIMUL) wi th  d i s c r e t e  va lues  from t h e  input  waveform. (Actually because t h e  

input  s i g n a l  sequence g e t s  squared by t h e  square-law de t ec t i on ,  t he  square- 

roo t  of t h e  input  waveform is loaded i n t o  t h e  a r ray . )  The time increment DT 

was chosen a s  10 nanoseconds frvm considerat ion of the  video response, and 

t h e  number of po in ts  t o  be put i n t o  EPT(1) w i l l  depend upon the  time ex ten t  

of t h e  input  waveform's region of i n t e r e s t .  This  v a r i e s  from about 700 

nanoseconds f o r  t h e  on-nadir r e s u l t  t o  about 30 microseconds f o r  an off-nadir  

angle  of 8'; t h i s  l a t t e r  time corresponds t o  3000 ~ o i n t s  i n  EPT(1). It is  

c l e a r l y  unnecessary t o  read i n  3000 values  from a previously computed waveform, 

and in s t ead  w e  en te r  20 sample va lues  from t h e  input  waveform and i n t e r p o l a t e  

between 20 input  d a t a  po in t  p a i r s  by use  02 a s p l i n e - f i t  performed by sub- 

rou t ine  ESPLIN. 

The input  y vs. t waveform is entered i n  t he  a r r ays  TIN(1) and YIN(1) , 
I=l, 20. It i s  necessary t h a t  t h e  TIN(1) va lues  be i n  ascending order ,  t h a t  



TIN(1) be l e s s  than o r  equal t o  DT, and t h a t  TIN(2O) be  g r e a t e r  than o r  equal  

t o  (NE x DT) where NE i s  the  t o t a l  number of po in ts  i n  EPT. Y I N  and TIN a r e  

read i n t o  EPTFIL through LISTlA a s  a r e  NE and IMNP. The in t ege r  IMNP is t h e  

index a t  which t h e  "peak of t h e  mean" is  t o  b e  found f o r  t h e  r - fac tor  conpu- 

t a t i o n .  IMNT w i l l  be l a r g e r  than the value of J f o r  which EPT(J) has its 

maximum because of t h e  time-delay of t he  IF and video c h a r a c t e r i s t i c s ;  f o r  

t h e  IF and video values of our work t h i s  index s h i f t  was around 11 corres- 

ponding t o  a t ime-shift  of about l i O  nanosecoqds. 

To s imulate  the  t r i a n g c l a r  and rec tangular  waveforms used by GE f o r  t h e  

Skylab agc c a l i b r a t i o n  da ta ,  a simpler replacement EPTFIL subrout ine w a s  

wr i t t en  t o  provide these  simple waveforms d i r e c t l y  r a t h e r  than  through use  

of a sp l ine - f i t .  No l i s t i n g  has been provided f o r  t h i s  t r i v i a l  a l t e r n a t i v e  

EPTFIL. 

S u m m a r y s r a m  - 
The discussion of UFILL has already poin ted-out  t h e  use  of t h e  Fortran 

NAMELIST fea ture .  Data input t o  t h e  program consis ted f i r s t  of LIST1 

providing the  parameters t o  ca l cu la t e  impulse response weights HI(NH1) and HV(NHV), 

then second LISTlA s e t t i n g  up the  input  wavefo~m, and then  LIST2 t o  be described 

here.  

LIST2, a s  read by subrout ine XREAD, inputs  t h e  program q u a n t i t i e s  IXR, RN, 

NN, N?, NMN, and MOS. F i r s t ,  NN and MOS a r e  f o r  program fea tu re s  not used i n  

t h i s  study; NN should be s e t  t o  zero a t  the  f i r s t  use  of LIST2 and need not  be  A 

entered t h e r e a f t e r ,  and MOS need not  ever be entered. The in t ege r  IXR is f o r  

t he  random number generator.  I f  no IXR value  is  entered,  t h e  program w i l l  

continue with the  cu r r en t  value,  s t a r t i n g  i n i t i a l l y  with IXB-14321. A p o s i t i v e  

IXR i n  w i l l  r ep lace  the  cur ren t  IXR,  a negat ive IXR in w i l l  cause subrout ine 

XSIMUL t o  r e tu rn  t o  t he  main c a l l i n g  program (and t h e r e  t o  STOP), and a zero 

entered f o r  I X R  w i l l  cause a jump back t o  XAFILL ( t o  permit chaxging H I ,  HV, 

or t h e  input  waveform i f  desired) .  Usually, one would wish i n  t h e  f i r s t  LIST2 

t o  e x p l i c i t l y  en t e r  t h e  va lue  of ZXR l a s t  appearing i n  t h e  p r in tou t  of t h e  l a s t  

previous program run, and t o  leave IXR of f  a l l  subsequent LIST2 d a t a  i n  a 

~ i v e n  run. 

The va lue  RN allows add i t i ve  rece iver  no ise  t o  be simulated. A l l  our 

r e s u l t s  t o  d a t e  have been f o r  RN=O; once RN is s e t  t o  zero i n  LIST2, i t  need 

not  be entered i n  subsequent LIST2 c a l l s .  The remaining q u a n t i t i e s  NP and 



NMN are the number of pulses to  be averaged for one mean wa\~form, and the . . 
number of separate mean return wave;'orms to be run. 



: 9: IF ( P F )  1Cflf1(20,  03 
c2cl l r ?  TFF(Nii)=XI 

- .  
L 3 C  11p  I = I , J B  

.-( ?!=JP-I 
l l ?  YI=PI+T2HF (I)  *H ( t l )  

! 
39; F ' I I F P  XCFII L ( X I ,  JXY ,'ZEHP, NH) - 
' O r  t!E=ncc (JXY-I ,NH) 

5 5  ? ETO F V  - - 
451 

PNC 
471 c 
C 48; 

49 .  SUERCUTIN?.  XSItJUL(3Pf NET,EX2, YEr': ~ Y I r T 2 Y ~ r H I r N H i ,  fPYV,HV, N i i V )  
so:  DTt?FNSION ?T (NST) , 3 X P ( 8 E )  , T P Y I  (N!iI) ,TPYy ( N U )  , i i i  (&HI) , T F Y V  (NHV), 

1 H V  (NHV) -. 
5 ' 7  

S z i  
i 

531 



3 I 1 X F = 4 3 2 1  
o ' 3 CALL XAFILL ( E I ~ N H I , d V ~ N B V 8 E ; ~ ! ' ~ N E I Z L 1 N P )  . 

f )  Ir),?. X X ! ? = I X R  
6 i/RT'IF (3,5) IXF 

5 CCF?!!T ( '"ST S'i'.9?.T,IXi!=' , I 1 0 / / )  
C! 9 C A L L  X ~ E A D  ( I X E , S N , N ! ~ ,  HP,NHN,&,NE,NBT)  

3 IF ( I X F )  1 2 5 , 1 q 7 , 1 1 ' 3  

f--------- . -  - IYFUT OF I X ? = @  K i L L  C O N T I N U S  CuiiRZ:i"Xh A # >  JUHP dACK TO .. C---TO XAFIIL:IX?. .LT. 0 C A U S E S  ~ 2 r U d N  FhOlY XSI2iJL. niiD iYa . G L  0 
G . :  C - - -  SEITFI;S T E E  NEW IXR. ( D O N ' T  U S 2  I X a = - 3 7 )  

I n 5  9!?IOI(N : 5 

? I ?  CCtiTINUE 
6:;: DC lpnC 1 ! 4 N = l , N H N  

-. 

3;- C A L I  GAUSC(1  X , 9 , 3 N , 0 .  ,V) 
T F Y T  (T) =V 

@ ::: C!!ZL GAUSS ( T  l R , 3 N , O . ,  V) 
3 J 73n ? F Y C ( I ) = V  

J.YY=(! 

3 6 ,  J X Y = J Y Y + l  
IF (FN-.OCC? 1 )  1 9 7 , 7 9 7 , 7 9 8  

@ :: 797 SI=C.  
3 3 SC'". 

G C  'IC 799 
c 1:: 798 C C t i T T N O E  

4 2 ,  CALL GAUSS ( I X R , R N , O .  ,SI) 
C 3 L L  G A U S S  IT: X l ? , , ? N , O .  ,SQ) 

c.:: 799 C C K I I W U E  - - 
45, CALL X C N V L V  ( X I , S I , J X Y  , T P Y I , H I , N H I )  

C A L L  X C N V L V  ( X Q , S Q , J X Y  ,TPYC,HI, SHL) 
c :: X C = X I * X I + X Q *  X Q  

;? 80' C i L L  XCFILL ( X O , J X Y , F P Y V , N B V )  
IF (NN) 450,450,850 c :j esr! SG=r). 

= .  D O  sc r  I = I , N N  



9 ,  

a :  C----SF= NEXT CCYH2NT 

GC ' I C  430 1 9  

: 6 4 1 5  KE?=IE'I/t!OS 
7 1 7 '  IF (!!OD(IET,#OS)) 435,430,435 

- - 
- L J I  SG=EX? (I) 

2:: 59r CALL XCHEX'?(CT,E3ET,IZT,EPK, S G , X 3 , I X S ,  JXY,TPYI,TPYd, HI,NHI, 
: 5 :  1 ?FYV,HV,NHV, HOS) 
251 NPLSrS=yPLS?S+I - - .. . XF32=XFK2+3PK*E!?R 
- D -- XFK=IFK+EFK 
23 IF (EFLSES-KP) 250 ,550 ,550  

h 
- 3 2 .  ?FK=XFK/XNP 

3 3' VcFK=XPK2/XXF-?PK*BPK 
_ 3 4  Q C  6CC I=1,NET 
2- 3 5  6Qp F I  ( I )  =El (I)  / X N P  

3 s ? P b' FUSE'! ( IPi ; ;  F) 
;, C---- L A T E ?  PUT T A P E  E X O R 3  PEOVISIOB i i3RE OR I& XOUTPT 

2 J,: - CALL XOUTPT ( E T , K E T , Z X F ,  NZ,i?JlNPK,EEK,VEPi( ,HPLSES, I X i l )  
,,. 113" CCNT1NUE 

G O  ' I C  100 

- -. ' " XCNEX? IUSTEPS ALONGN T O  THE NEXT OUIP'JT 2OIYi' TO 3E COHPUTED :a - 
- 4 3  IF (SG-.oCC'Q1) 2,2,3 



i I 

1 ' 

- .  ';C TC 
I 

3 ;  3 CALL C-AUSS(IXR,SG,d. ,SI) -- 

4 8 CALL GAUSS(IXf!,SGfa. ISQ) 

9 ,  sc'=s(;+v 
8- 

1 c ? ?  C R L L  YCNVLV (XI ,SI ,JXY,TPYi , i i i ,  tiHI) 
\ : t  5'ALL Xf N V L V  ( X ~ , S Q ,  JAY , T ? Y C , f i i ,  SdL) 

C' ,,' 1tl K E T = I ? T  
G C  T C  15 15. 

1 3  REl=T=f/flCS 
(J ::/ T F  (rCC(IET,€!OS)) 3 3 , 1 5 , 3 0  

18,  1s C ? L L  K C N V L V  (XV,XO,JXY,TPYV,dV,NBV) 
IE'r=ITT+1  -- 1 4  

*J zci  !?I IKE' i ' )  =E'I ( K E T ) + X V  
2 1 ,  f f (XV-BP?)  2 5 , 2 5 , 2 0  

I ?  EFK=XV 
0:ti 1 5  sezom - .  

1 
2 4 '  3'' C 9 L I  XCFILL (XO, JXY, P PYV, N H V )  . . 
2 5  3 3  IE'r=IEIC+l 

.. 4 3 .  

J J  SOBPOUTINE XOUTPT(ET,NET,EPT, NZ,Et!NFK, ZPK,VZPK,NPLSES , iXR) 
DTPFKSICN ET (NET) ,  2 P T  (NE) 

'15' r 
- 

-. 66 

4 4 7 .  P X O f l T F f  HAYDLES PRINTOUT O F  RESULTS 
4 9 ,  OA=E!?NPK/FPK 
.. ., 3 E = E F K / Z 3  HPK 



i . . 

P G B  14. 17H R 'TUIINS Y l B L C  R =  F 1 0 . b )  

3'7 V ' J S Y h l  (SH WR=512.6,7HIElYblPK=E12.6,9H,AND I/Ft= P10.6) I 

, S5FR=SQ3I (ABS (VSPKI) * S L G N ( I .  ,VZEK) 
i l F L ' I f  (3, .?S) SZPK 

a Q? F C F ! ¶ A T ( / '  T H E  ',I4,' OUTPUT YOI%TS ARE:*) 
1 ?"?'IF ( 3 , 9 5 3 )  i 
- 35: Q C F ? l A r ( / /  

I 
&--- ***',5('. . I.:. ..OUXl?UT.. . * * a m ) / )  I 
3 J Y T ? Y  ( 3 , 5 9 5 )  (1,3T(X), I = l , t J E T )  
r :  9 ' 3  " C F P . A T ( ( '  *** ' ,S(IU,  ' ; ' , l P E l Z . S , ' * * * ' ) ) )  

9i  C 
ot  c 

2 1 ,  
I S I J E S C U T I N ~  XEFILL(HI,NHI,HV,S~~V,EET,NE, 1 n w 1  

22!  CIVENSION !IT (NHI)  , t i V  ( N H V )  ,Z?T (3E) 
4 

;31 ~ l A C F 1 I S T / L I S f 1 / T O I , ~ O V ,  TAUI,PAUV, N I , N V  
24: C 
25: C XAFILL  SZTS UP TH3 I H P U L S E  RSSPCSSE FUNCTIONS ti;(.) PO% THE IF 
25 :  L 4 N D  PV (0)  FCR THE V I D E O ,  A N I )  SZTS UE ZXPZCTATION VALUE 
2 7  C F09 C A V E F O R E  Dl? C A L L I a G  E P T P I L .  l 

l a '  C 
2 9 :  !??!C ( I  ,LPSTI )  
3 0 '  w v ~ r  ( 3 , r r s r i )  
3 1 '  NEI=NI i 
"! N H V  ..V 
1 3 i  C 3 I L  EFTP'IL (CT,EPT, iSE,ItlNP) 
14; SOP=@. 
35:  

? = r e  
3 6 D C  l C n  I = l , N H I  - 
3 7 :  T I =  ( I C I - T ) / T A U I  

45, ? = P o  

4.1 
D O  3CC I = l , t J H V  

! 4 7 :  TI= (ICV-T) /T AUV 



5 ;c  !. W9IIE ( 3 , 4 S c )  NHI ,TOI ,TAUX,  DT 
i 

.s? P C F l e l T  ( ' ~ f O L L O Y I N G  A R E  T H S ' , I 4 , '  VALUBS I , i i ( I )  FOE r O I = ' ,  
3 ,  1 FF.3,', T A U I = * , F 6 . 3 , * , ' / *  AP(D C T = ' , F 6 . 3 / / )  

f !.? W S I T F  (3,507) ( 1 , U I  ( I ) ,  1=1 , S H I )  
i r- 
i L. :. 5"" F9FYnT ( (I ' ,a ( IS, '  , ' ,F9.5) ) ) 

, 1  U S T T F  (3,55'.) NHV,?OV,TAUV,DT 
. 5Sn FCPNAf ( 'CFOLLOWING A H Z  TiiZ'  ,i4.' VALUZS I, i i ( l )  F l l i i  TOW=', 

i 1 F6. ?,*, T9UV=',F6.3,*,'/* AND DT=*  , F b . 3 / / )  
: 5 WSIIP (3,5@C) (1,HV ( I ) ,  1=1, NHV) 
16 t 

0 q7i ' C  D P L E T I  ABOVE? 
1s; c 

R F T U F N  
ENC 

~ - - -- -- -~ 

SOERCUTINE X R E A D  (JX3 ,XRN,JIY, J P , J n t i , J O S , N E , N i S T )  
2 4 ;  NAPElIST/LIS'T2/IXR,aN,NN ,NN,NP,NnN,HCS 
25: C 

: ,,iC S l J B K C O l I N E  XRZAD HANDLES I N P U T  O F  PIIEAilETEBS FOB NSXT S T M U L A T I O I  
- - ' C  P t J Y . . .  
L :  

t a :  C 
29 I X F = - 2 7  

i 
3 3 ;  JOS=1 

!YCS=Q 
o ::i 9 E B C  ( 1 , L I S T Z )  

3 3. IF ( IXPt37)  10,20,13 
,,,C------ ' I X P = - 3 7  S I G N I F I S S  NO I X R  E N T E a L D  ON t ; i I S T Z ; i i Z T k I N  PRESENT 

G , ,  C  (SEE TEST PEGFCRHED ON I X R  I N  LOUTINE XSIIIOL..  .) 

2 5 .  C 
J ) I I i = I X R  :: X S N - F N  

3 o J N = B N  
J F = N F  g: "i 

4 ' ,  
Jf!E;=NflN 

4 2  IF (CCS) 40,40,30 
3? J C S = R O S  

; ::' 4C N F l =  (JN+NE) / J O S  
4 5 .  P F T U F N  
46:  r;]?IC 

i G ,,: c 
I 
I aa ,  

S U E R C U T I N E  E P T F I L  (Dr ,YOUT,KZ,KMNP) 
i 49 DTLENSION YOUT (KE) ,TOUT (3d00) , Y I N  (23) , T i N  (25) ,X ( > C )  , Y  (50) 
i G S 2  N!PEITST/LISIIA/IPINPINEITINIYIN 
! - C..FO? 8 CFGREES O F F  NADIEt, HAIN PRCG D I B E N S I O N S  UP TO 3000 - 51  



C 
j C  S U B 5 0 0 T I N E  E P T P I L  U S E S  k S P L I N Z  PUNCTiON P I T  TO 20 I N P U T  YAVZPOBM 
i C  P A I G S  'ITP (I) , Y  I N  ( I )  ; T H Z S E  SBHPZE POINTS C A I  BE CifOSEN TC 
/ c P D E C F A l 3 L P  FEPPESSNT TiiE ENTIttE I N P U T  WAVEFOiill. 
; c 

DC 1 C  I = l , K ! ?  
75 Y C U T ( T ) = ? .  

DT=lO, 

-: 3?'EF=IHNP 
PC 95 I=1,20 

0 :;I X ( I )  = ? I N  (I) 
: S 1 9.9 Y ( I )  =Y IN (I) 

# E = N E  
Q ::/ I F  (KF-3r)C.C) 19,19,16 

. . 

13 16 r c r i r  (3,77j N B  - 
17 FCERBT ( / / I  E6ROIII E I E = 1 , 1 4 , *  BUT 3060 I S  HXXIi lUt l l  UUXTII  ' )  

Q :;I STCP 

C 4 L L  ! ? S P L I N  (X ,Y ,20 ,TOUT,YC'JT,  aE, .OCOO1) 
- is! DC 2 5  I=l,Y3 

- z 6 i  XQ=YCUT (I) 
i 7  I F  ( x ~ )  3 > , 5 s 3 3 s  

. 3c: Y C V T  (1) =o. 
29;  G C  TC 2 5  
3s: 35 Ycrllr (TI =SQFT ( X Q )  

2 5  CCWTINUZ 
0 ,;! C. .. . . . ' I C U l  NCW b FREE A a i I l Y ,  U S E  TO OUTPUT THE I N P U l  Si;uUENCE 

V C  1cQ I = l , N E  331- 

3 4 ,  xC=Ycrn (I) 
I TCUT (I) = X Q * X Q  - - 
361 w p r ~ ~  j 3 , i s ~ )  

- 3 7 i  l 5 ' ?  F C F I I K  ( / I  FOLLOWING IS INPUT SEQUENCE, T I t ! S = L * ( l O  N A N O S E C )  *//) 
0 3 ~ ;  U F I T E  (3,20?) 

I 
4 2 j  S F T U F N  

E KC 
0::; c 

4.5, c 
I 

46) 
SUPECUTINE F S P L I N  ( X ,  Y , N , T , S S , M , E P S L N )  

0 D T P E E S I C H  T ( N )  ,SS ( M )  
48; 

D X I F N S I O N  - x (50). Y (56) ,H 150) ,%SLY (SO), H Z  ( 5 0 )  , B (>GI ,o i ;~sur  ( r  j , 
491 1 S 2 ( 5 " )  ,C (5r  ) , S 3  (56) 

0 5 0 '  c 
'- 5 1 i C  T H I S  I S  A SFLXNC-PIT i tOUTINE ADBPTEC FROM " S P L I N E  FUNCTIONS,  



w - -- -1111-- 

0 32 1 ; 
. 
0 

I 

! 
f 

i ; -? 2 f C I W T F E P C L A T I O Y ,  A N D  N U ~ G & I C B L  ;LUAilSA'IU3E," Te N.EeGzZVILL& I N  
3 t C  "Pl 4'ItiEPATICl!L EETHODS FCa DIGIIAL C C M P U l i S S ,  VOL. T I , @ '  A .  AALSTON & -. 

4 i C He S *  EILF,SD'S., (NEW Y O R K ; J . Y I L E Y ,  1 9 6 7 ) ,  Pi? . 156-1bd 
0 . x  - I 

I F  (F-59) 2 ,2 ,999  6 1 - 
9 3 9  P F l T E  (3 ,998)  N 7 : 

Q) 1 998 FCFflAT (//' ERROR1 PAD8,14,' INPUT POIN'fS,ESPLIN i lkN3LES CNLY SO'/ )  

1 2 '  H (7 )  = X  ( I + 1 )  - X  ( I )  - 
51 9EZY ( I )  = (Y ( I t 1 ) - Y  ( I )  ) /H ( I )  

o ::i ti 3 c  s i  1=2,~1 
- 1  

I S ;  H 2  ( I )  = H  (I: 1 )  +ti  ( I )  
9 ( I )  =. 5*Y (i- 1) /H2 (I) 

€3 :: j 9EISCY (I) = (DELY ( I )  -DELY (1-1) ) /I42 (I) 
18 '  S 2  (T)=2.*D?LSQY (I) 

52  C (I)  = 3 .  *CELSCY ( I )  
0 :;I 5 2  (I)=@. 

I 
2 1 ;  S2 ( I f )  = O .  

OMFGI!=1.071797 
e :ti NI'IF=l  

24 5 zT!i=n. 
2 5 6 DC 1C I=2,N1 

6' *;I 7 W =  (C ( I )  -B (I) *S2 ( I - ? )  - (. 5-E(1) ) *S2 (I+-1)  - S 2  ( I )  ) *OMEGA 
2 7 ;  8 I F  (P .ES(W)-ETA)  10 ,10 ,9  
2 8 '  9 ?'K!=ABS(W) 

f i 
291 Ir! s2(I)=s2(I)+W 
,,,! 3 F (ETA-EFS1.N)  14,14 ,997 

1 9 9 7  IF (NTTR-I?) 996 ,996 ,995  
996 I I ? B = I I T P + 1  

3 3 G C  ?C 5 
995 WFI'IE (3 ,990)  NITROETA 

3 5  99P P C S I I T  (/ '  B U f l B E B  OF IIEGATIONS=',I3,'  A N D  BPSILON=',ElL. 5//) 
36! 14 O C  53 1=1 ,K1 

53 s 3 (1) = (52  (I+ 1) -s2 (1) ) /H ( I )  

39 C COEFFICIENTS NOW ZSTABLISHED, FOLLOWING STEPS F d R Y O K f l  DESIRED 
,,I C I N ' Z r R H E C I A r f E  PCINT INZEfiFOLAi'ION. 

Q .ti c 

0::: 5 4  IF ( T ( J ) - X ( 1 ) )  58 ,17 ,55  
45i  sr rr; (T (J) - X  (N)) s7,59,58 

5 6  IF (T ( J ) - X  ( I ) )  6 Q , l . l , 5 /  
8:fl 57 ,=I+, - 
" i 
48 '  GC T C  56  

58 W 9 T T E  (3,44) J 
Q 49 P C F I I T  ( / / @  , I 4 ,  @TH R t l B I J l E W  OUT CP. B h N G E @ , / / )  

s s  (3)  =C . - 



, I 17 H T 1 = T  (J) - X  (I) 
6 

7 

8 

9 

FI'L2-T (JI-X ( l t l )  
P F C C = H T  I*HT2 
S S I = E 2  (I) +HT1*S3 (I) 
DFLSCS=(S2(1)  f S 2  (I+1) +SS2) /6 .  
SS (3)  = Y  ( I ) + H T ? * D E L Y  (I) +PROI)*DELSQS 

61  C C X T I N D E  



- - -  -- 

SOPROCTINE GAUSS (IX, S.AH, V) 
3 .  

4 

's* '  

6 ,  

7 

B 

9 .  

10 

1 1  

1 2 -  

13 

141 

b z n .  7 - 
DO Sf' I=1,12 . --. 

CALL BANDU (IX, IY ,Y) . . --- - 

I X = T Y  - --.. .. 

5" A=!!+? .. 
V =  (A-6.0) *S+A?l 
!?*?URY -- 
ENI: - - - - . - - 
S U E B C U T I N S  SANDU(IX,IY,YFL) . ,- . . 

I P=?Y*65539 
r F  (11) 5,6,6 

5 TY=TY+2147083647+1 


